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Abstract: We demonstrate radio fre-
quency (RF) readout of electrically de-
tected magnetic resonance in phospho-
rus-doped silicon metal-oxide field-effect-
transistors (MOSFETs), operated at liquid 
helium temperatures. For the first time, 
the Si:P hyperfine lines have been ob-
served using radio frequency reflectome-
try, which is promising for high-bandwidth 
operation and possibly time-resolved de-
tection of spin resonance in donor-based 
semiconductor devices. Here we present 
the effect of microwave (MW) power and 
MOSFET biasing conditions on the 
EDMR signals. 
1 Introduction: Recently, broadband 
electrically detected magnetic resonance 
(EDMR) spectroscopy of phosphorus 
electron spins in silicon MOSFETs was 
achieved [1]. Here, an on-chip short-
circuited coplanar stripline (CPS) was 
used to generate the oscillating magnetic 
field for electron-spin resonance, which 
simultaneously acted as gate electrode. 
This direct current (DC) spectroscopy al-
lowed determination of all the g-factors. 
2 Radiofrequency readout: Since then, 
we have developed the technology for 
radio frequency readout of EDMR, based 
on the reflection of a carrier signal from a 
resonant LCR circuit, in which the 
MOSFET is incorporated as resistive el-
ement [2], c.f. Fig. 1. Compared to con-
ventional EDMR readout – based on DC 
current-to-voltage conversion and subse-
quent lock-in (LI) amplification – the RF 
technique displays a much higher sensi-
tivity and operates at much higher speeds 
due to the high operational bandwidth in-
volved. The improved resolution in the 
time-domain suggests using this RF 
technique for the observation of coherent-
ly manipulated spin states, e.g. Rabi os-
cillations directly in real-time. The EDMR 
spectrum obtained by DC and RF readout 
is shown in Fig. 2. The MW frequency 
used was 28.55 GHz, corresponding to 
~1 T field (K-band ESR). 
3 MW power dependence: We have 
looked in detail at the effect of the applied 
microwave power and MOSFET biasing 
conditions on the EDMR signal intensity 
for both the 2DEG and Si:P hyperfine 
(HF) lines, following the pioneering work 
described in Refs. [3,4].  
 
Fig.1 Low frequency (DC), microwave 
(MW) and radio frequency (RF) setup. 
Here the MOSFET is embedded as a 
resistive element in a low-temperature 
resonant LCR-circuit, allowing high-
bandwidth EDMR spectroscopy. 
 
 
The MW power dependence is shown in 
Fig. 3. The peak-to-peak signal intensity 
of all the EDMR resonances increases 
with the square root of the applied MW 
power, which is similar to cavity-based 
EPR. For sufficiently large MW powers 
saturation of the EPR transitions occurs.  
Interestingly, the signal intensity of all 
resonances also depends on the source-
drain voltage applied across the device. 
For a high bias (VSD=265 mV) EDMR sig-
nal intensities of ISD/ISD > 10-3 can be 
achieved for the Si:P donor electrons, 
which is in agreement with theory [5]. 
Finally, we observe that the saturation 
power depends on the value of the 
source-drain current. This suggests that 
electron scattering events determine the 
spin relaxation time T1. Further analysis is 
underway to shed light on the details of 
the spin-dependent scattering phenome-
na emerging in this experiment.  
 
 
Fig.3 MW power dependence for both the 
2DEG and Si:P hyperfine lines at 0.1 K for 
(a) VSD=225 mV, ISD=108 nA and (b) 
VSD=265 mV, ISD=20 nA, at 28.16 GHz. 
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Fig.2 EDMR spectra obtained by DC (a) 
and RF (b) readout at a MW frequency 
of 28.55 GHz using frequency modula-
tion (FM) for phase sensitive detection. 
 
